Background: Crawford tube placement is commonly used to achieve patency of nasolacrimal ducts for epiphora secondary to nasolacrimal duct obstruction. The nasal passages of pediatric patients are narrower than adults, and the result is a relatively higher risk of intranasal complications (e.g., synechiae, bleeding) 
C ongenital nasolacrimal duct obstruction is common in newborns,
with an incidence of 5-6%. In the majority of patients, the obstruction resolves spontaneously, without intervention. 1 In patients in whom symptoms persist beyond 12 months of age, probing with or without insertion of silicone tubes (Crawford tubes) in the nasolacrimal duct is indicated. 2 Traditional Crawford tube placement involves cannulation of the upper and lower puncta of the lacrimal system, followed by maneuvering the metal end of the tube through the lacrimal system and out the Hasner valve to the floor of the nose. Typically, a metal retrieval hook is then blindly placed intranasally along the floor of the nose or in the inferior meatus to latch onto the metal end of the Crawford tube. Unfortunately, mucosal trauma as well as false passage of the Crawford tube can occur.
Rigid nasal endoscopy is a tool to examine and treat diseases of the sinuses and nasal cavity. Once introduced in the United States in the 1980s, rigid nasal endoscopy was quickly incorporated in sinus surgery over open sinus surgery due to the advantages, e.g., better visualization, less mucosal trauma and risk of collateral tissue damage, lack of a facial incision. The benefits and skills gained from the endoscopic approach have also been applied with similar success with regard to procedures traditionally performed via an open approach, such as dacryocystorhinostomy, orbital abscess drainage, and orbital decompression for Graves' disease. [3] [4] [5] Several studies looked at the utility of nasal endoscopically assisted lacrimal duct probing and stent placement, and their results support its use. [6] [7] [8] [9] [10] [11] The advantages include its ability to identify and correct false passage of the probe as well as its ability to directly visualize the inferior meatus and diagnose pathology that cause treatment failure. [6] [7] [8] [9] [10] [11] Potential complications include mucosal trauma and accidental damage to adjacent structures by malpositioning, although these tend to be relatively rare in sedated patients in the hands of properly trained surgeons.
Similar to the recent emphasis to limit repeated radiology study exposure in children due to potential negative long-term adverse effects, there is now also an emphasis to limit general anesthetic exposure in children. 12, 13 Roughly 6 million children undergo general anesthesia each year for a variety of conditions. 14 Animal and human studies show that exposure to anesthesia at a young age can have negative behavioral and functional consequences. 15 The risk for development of abnormalities has been shown to increase with multiple exposures. 16, 17 We began performing concurrent nasal endoscopy with Crawford tube placement after a couple of pediatric cases in very young children in whom it was difficult to locate the metal probe at the end of the tube due to the relatively narrow anatomy and based on the results of the aforementioned studies on endoscopically assisted Crawford tube placement. Anecdotally, we noted what seemed to be a dramatic decrease in operative time over the course of several cases. This review primarily examined the effect of nasal endoscopy specifically on the operative times of Crawford tube placement. A secondary goal was to examine the cost difference between the traditional method and the endoscopically assisted method.
METHODS
A retrospective review of charts at the University of Kentucky from January 1, 2011, to December 31, 2016, was performed to identify, by using Current Procedural Terminology code 68815 and 31231, children ages Ͻ18 years who underwent nasolacrimal duct probing and Crawford tube placement. lacerations, external dacryocystorhinostomy, or endoscopic dacryocystocele marsupialization. All the cases involved the ophthalmology eye call team and both the scrub technician and the circulating nurse. The case log for each patient was searched in the electronic medical record and the operative start time was calculated by using the difference of the procedure start and end time.
The start time is called out to the circulating nurse when the procedure begins with probing of a puncta, and the end time is called out when the procedure is finished (e.g., the last knot is tied on the suture that secures the Crawford tube). Three ophthalmologists and three otolaryngologists performed the procedures. Data on the cost of procedures performed at our institution is housed in the University of Kentucky Health Care Department of Finance. An itemized list of costs was obtained for each case and totaled to determine the cost of each procedure. This data base includes the charges for the facility fee, the charges for the surgeons, the charges for the anesthetic, and the charges for all the materials used during the case. The anesthesia charges were a base fee plus set flat fee per 15-minute block of anesthesia time. Total charges, rather than the cost to the patient or the charges collected, was used to maintain consistency among the subjects.
After induction of general anesthesia, all the patients were intubated transorally. After preparation of the ipsilateral globe, the attending ophthalmologist performed lacrimal duct cannulation and Crawford tube placement. The attending otolaryngologist concurrently performed rigid nasal endoscopy for visualization of the tube and retrieval. A 0°, 2.7-mm rigid pediatric endoscope was used for nasal endoscopy, and the stent was retrieved and tied securely intranasally. An unpaired t-test was used to compare the traditional (without endoscopy, Table 1 ) and endoscopic groups ( Table 2) in terms of the length of the procedures, patient ages, and total cost of the procedures.
RESULTS
Our review identified 31 subjects who met the inclusion criteria: 24 in the conventional group and 7 in the endoscopic group. In the conventional group, 18 patients had a unilateral procedure, whereas the remaining 6 had the procedure performed bilaterally. In the endoscopic group, four patients had a unilateral procedure, whereas three underwent a bilateral procedure. The average age of the groups was 3.4 years for the conventional group and was 1.6 years for the endoscopic group (p ϭ 0.09).
The average length of the conventional procedures was 27.3 minutes (range, 6-63 minutes) compared with the average of the endoscopic procedures of 14.0 minutes (range, 8-20 minutes) (p ϭ 0.02). The procedure start time was recorded once the ophthalmologist began the probing of the puncta, and the procedure stop time was recorded once the suture knot was tied on the Crawford tube. The total cost of each procedure was calculated and averaged for each group. Cost data were available for 10 of the patients in the traditional group and for 5 of the patients in the endoscopic group. The average cost of the traditional procedure was $9369 compared with $8891 for the endoscopic group (p ϭ 0.51).
All the patients were followed up for at least 6 months after their procedure. In the traditional group, four patients required another procedure. None of the patients in the endoscopic group required another surgery. Of those who underwent a second procedure, dacryocystorhinostomy was performed in two and nasolacrimal duct probing with Crawford tube placement was performed in two.
DISCUSSION
Endoscopic-assisted nasolacrimal duct probing and stent placement has been shown to be successful and to provide several advantages over the conventional procedure. [6] [7] [8] [9] [10] [11] The current literature also supports decreasing the amount of general anesthetic administered to children whenever feasible due to potential long-term detrimental effects. [15] [16] [17] To our knowledge, to date, there are no studies that examined the effect on operative time of nasal endoscopy concurrent with Crawford tube placement. Our study showed that nasal endoscopy significantly decreased the length of Crawford tube placement by roughly 50%, which was statistically significant.
Thus, these findings indicated that endoscopically assisted Crawford tube placement may be yet another way to limit general anesthetic exposure in children and to potentially mitigate negative neurocognitive effects. Given that rigid nasal endoscopy poses little risk in a sedated patient, it seems that the endoscopically assisted Crawford tube placement is a viable method. A two-team approach requires some coordination between schedules, but, in our experience, has been relatively simple to execute. The ophthalmologists and otolaryngologists in this study operated at the same surgery center for all their procedures, with an average of at least two to three overlapping operating room days every 2 weeks, the operative block schedules are usually known at least 2 months in advance, and the respective departmental surgery coordinators stay in constant communication such that patients are often able to get into the operating room for combined cases within 3 weeks of clinical presentation.
Patient outcomes are an important component of any surgery, but economic feasibility also is an important issue. By using an additional surgeon for any surgeon comes with potential costs to both insurance companies and patients. It was our hypothesis that the additional surgeon and equipment would have significantly increased the total cost. According to recent Center for Medicare & Medicaid Services, the facility fee for rigid nasal endoscopy was approximately $70. 18 The overall cost comparison showed that concurrent rigid nasal endoscopy during Crawford tube placement was at least budget neutral and, potentially, even cost saving compared with the traditional method. This observation could be a result of the decreased length of procedure that results in less overall anesthesia cost. Furthermore, even if the endoscopically assisted procedure was more expensive than the traditional procedure due to the cost of the endoscopy, it was difficult to quantify the value of potentially fewer long-term negative neurocognitive effects from less anesthetic exposure.
There were a few limitations to this study. First, the study was retrospective in nature and, therefore, carried with it the inherent limitations of this type of study, including accuracy of the surgical record. Next, we did not perform in a standard manner the follow-up nasal endoscopy as an outpatient to compare intranasal synechiae and/or tissue damage, although at least one previous study already found endoscopically assisted Crawford tube placement to result in less collateral damage. 8 Next, in patients who had bilateral procedures, we had to make the assumption that each side took an equal amount of time based on the overall surgery time available as mentioned in the medical record, so the actual time per side may have varied slightly. Also, to the best of our knowledge, there was no known standardized length of anesthesia that confers a greater risk to the neurocognitive development of children. Therefore, we were unable to quantify the number of events prevented by the decreased length of anesthesia observed in the nasal endoscopic group.
These limitations highlighted the need for continued study in this area. However, it took years for the radiology literature to demonstrate the long-term negative effects of repeated medical testing radiation exposure risks in pediatric patients, long after numerous children had received extensive radiation doses through repeated testing. We viewed our findings as a relatively simple, adjunctive way to decrease anesthetic exposure in children with little-to-no extra risk, cost, or detrimental adverse effects over and above the basic Crawford tube placement procedure, with the possible benefit of fewer revision surgeries being performed.
CONCLUSION
This review demonstrated that endoscopically assisted Crawford tube placement resulted in less time with children under general anesthesia compared with traditional Crawford tube placement. The cost analysis showed that there was no difference in cost between the two techniques. This may be considered another potential adjunct to help reduce the risk of negative neurocognitive effects in children in terms of overall anesthetic exposure. In addition, the cost-benefit ratio both economically and in terms of theoretical risk to the patient seemed to favor concurrent rigid nasal endoscopy during Crawford tube placement in pediatric patients.
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